Abstract
Introduction
Listeria monocytogenes has been known to cause a wide range of infections from gastroenteritis to meningoencephalitis. L. monocytogenes is thought to be responsible for approximately 4% of all cases of bacterial meningitis [1] . These cases are typically seen in infants and the elderly, the immunocompromised and pregnant women who have consumed soft cheeses, unpasteurized dairy products, or deli meats [2] . The incidence of listeriosis is thought to be declining due to the rise in consumption of prepackaged foods which are less likely to be contaminated with the bacteria [3] .
While the incidence of listeriosis may be declining, the number of individuals taking biologic response modifiers is on the rise. Since these biologic, immunosuppressive are now commonly prescribed, one must have a high level of clinical suspicion for diagnosing opportunistic infections [4] . One such biologic agent is alemtuzumab, a humanized monoclonal antibody that targets the CD52 surface marker expressed on B and T lymphocytes and dendritic cells [5] . Alemtuzumab was approved by the FDA in 2014 for the treatment of relapsing Multiple Sclerosis (MS) and was found to be more effective for treating relapsing-remitting MS than interferon beta-1a. Unfortunately, alemtuzumab has also been associated with a greater number of infections [6] . The WHO has reported 21-cases of listeria infection in patients taking alemtuzumab, 16 of which occurred in patients being treated for multiple sclerosis [7] . Here we report a case of Listeria meningoencephalitis in a MS patient after her fourth infusion of alemtuzumab, the first documented case in the United States.
Case Presentation
The patient is a thirty-five year old African American female who was diagnosed with multiple sclerosis (MS) in 2007; 3 years after her lower extremity paresthesias first began. She was treated with interferon β-1α for six month, interferon β-1β for three months, and glatiramer acetate for 6 months; all of these required termination either due to drug reactions or to the development of new lesions seen on MRI. During these trials, her MS had progressed significantly and she was no longer able to ambulate without the assistance of a cane which she would require throughout the remainder of her diagnosis. She was treated with Natalizumab from 2008 through 2011, but this was discontinued when she tested positive for John Cunningham virus. Subsequently she was started back on Glatamir acetate. In 2013 she was switched to Dimethyl fumarate as an MRI obtained at that time showed the development of multiple new MS lesions and remained on this for over a year. During this time, she developed worsening ataxia and three new enhancing lesions on the MRI of head, and several MS flares requiring hospitalization and treatment with high-dose intravenous steroids.
Fingolimod was started in 2015 and was continued until June of 2017 when she began experiencing urinary incontinence and worsening short-term memory. Given her functional decline and inability to perform activities of daily living, her physician decided to try alemtuzumab. The first four infusions of her induction cycle were tolerated without difficulty but, prior to receiving her fifth/ last infusion, she complained of mild transient headache but was more concerned about newly developed leg tremors. She was noted to have significantly worsened bilateral leg weakness on physical exam, which prompted a referral to the Emergency Department (ED) for further evaluation. She checked into the ED but left without being seen to attend to family matters and was not again evaluated until one week later. Upon arrival to the clinic to receive her rescheduled fifth infusion of alemtuzumab, she reported several days of intermittent, transient dysarthria and worsening of her chronic leg weakness.
On examination, the patient was found to be dysarthric with significant bilateral leg flaccid paralysis. She was sent to the ED where it was noted that she was tachycardic at 120 Beats per Minute (bpm) with a low-grade fever of 37.6°C in the setting of leukocytosis, an elevated lactate, and a Urinalysis (UA) showing pyuria. She was admitted to the hospital and started on empiric IV ceftriaxone. Her dysarthria & leg weakness significantly improved with IV Solumedrol; however, she remained febrile with temperatures up to 40°C. Urine cultures showed over 100k colonies of polymicrobial growth 72 hours into admission while routine blood cultures obtained at that same time showed no growth. Infectious Disease was consulted for persistent fevers and, in the setting of a newly developed transaminitis, recommended empirical Gancyclovir for CMV coverage.
Repeat blood cultures several days into admission showed gram positive rods with a preliminary read of Diphtheroids and as a likely contaminant. These cultures were identified as Listeria Monocytogenes 24 hours later and her antimicrobials were switched to Ampicillin/Gentamicin for disseminated infection. Later that day, she was found unresponsive with fixed/ dilated pupils and immediately intubated. Non-contrast head CT showed significant hydrocephalus that required the placement of an emergent bedside ventriculostomy. CSF sampled from her ventriculostomy showed the following: RBCs 42 cells/mm3, WBC 120 cells/mm3 with 87% neutrophils and 8% lymphocytes, protein of 47 mg/dL, and glucose of 35 mg/dL. Meningitis/ Encephalitis Panel by Polymerase chain reaction (MEP-PCR-CSF) returned positive for L. monocytogenes which grew on CSF culture several days later. Gentamicin was discontinued one week later due to a rising creatinine but the patient remained on Ampicillin for the duration of her planned therapy.
Ventriculostomy was later removed when she began to show neurologic improvement, being increasingly alert and able to follow commands. She unfortunately developed altered mental status later in her hospitalization; CT-Head showed worsening hydrocephalus and the patient required emergent VP shunt placement.
Patient has since shown clinical improvement, being able to follow commands and move all her extremities, and was discharged to a skilled nursing facility for continued rehabilitation.
Discussion
Listeria monocytogenes is a gram positive, facultative anaerobic bacillus that has the unique ability to grow freely at refrigerator temperatures (4-10°C); this predilection towards colder temperatures isolates it from other bacteria and allows for recovery rates of 15-70% from raw vegetables, milk, cheese, and frozen/processed meats [8] . Given its prevalence, the ingestion of Listeria is assumed to be a common nonpathogenic occurrence. Invasive disease however is a rare occurrence with an incidence of 2-3 cases per million populations in the United State [9] (0.1% of all food borne infections) [10] . Listeria is a known cause of meningitis, encephalitis, and brain abscesses particularly in patients who are immunocompromised. Interestingly, Listerial associated CNS infections have incidence rate of 47% of all documented cases, and the mortality rate due to CNS involvement is up to 30% regardless of appropriate treatment [10] . While the pathogenicity of L. monocytogenes is not completely understood, it is known to be able to translocate through the gastrointestinal tract and travel to the liver where it begins to replicate. L. monocytogenes is an obligate intracellular organism that moves hepatocyte-to-hepatocyte via an actin-based intercellular spread, thereby allowing it to avoid contact with antibodies. Thus, immunity against the bacteria is primarily dependent on CD8+ T cells to detect listerial epitopes and kill infected hepatocytes [8, 11] . The host's humoral response is therefore vital for the clearance of this organism. In particular, Listeria is known to infect pregnant patients who experience a normophysiologic impairment of their cell-mediated immunity. Pregnancy accounts for 25-33% of all reported Listeriosis cases. Other risk groups include infants younger than 1 month, the elderly, and patients with hematologic malignancies and/or immunodeficiency's. Our patient's immunosuppression was due to both Alemtuzumab infusions and corticosteroid use, both of which put her at an increased risk of infection. Alemtuzumab has been shown to be efficacious in the treatment of various hematological malignancies and relapsing-remitting multiple sclerosis via rapid depletion of both B and T lymphocytes. Therapy regimens typically include a "first cycle" of 5 consecutive daily infusions followed by another 3 infusions 12 months later. It is currently recommended that MS patients receive prophylactic treatment only for herpes simplex virus [12] . Patients have shown an increased likelihood of latent CMV reactivation which may warrant close monitoring or even prophylactic use of valganciclovir in lieu of acyclovir [13] .
As with other biological agents, alemtuzumab is able to cause infusion-related reactions that can be difficult to differentiate from a newly developing infectious process. The severity of these reactions has decreased significantly since the introduction of corticosteroid into the regimen but can still cause fevers, nausea, vomiting, dyspnea, cough, and diarrhea [14] . It should be noted that the use of steroids has been associated with prolonged colonization by L. monocytogenes after exposure to contaminated foods [15] . As reported by Holmøy et al, Alemtuzumab infusions have been known to rapidly increase both pro-inflammatory cytokines and acute phase proteins including C-reactive protein levels that can mimic early-onset sepsis7. The transient increase in inflammatory markers seen after treatment with Alemtuzumab can be explained by the drug's mechanism of action. The binding of Alemtuzumab to CD52 initiates the classical pathway of complement activation which leads to cellular lysis [14] . Both this and the resulting antibody-dependent cellular-mediated cytotoxicity pathways result in the rapid depletion of these targeted cells and, when combined with these inflammatory changes, leaves patients susceptible to opportunistic infection even early in their treatment course. Given that our patient's symptoms developed prior to completing her first treatment cycle of 5 daily infusions, it is likely that she was already colonized with L. monocytogenes when the rapid depletion of her lymphocytes allowed for dissemination of the bacteria. While the majority of reported cases of listeriosis in association with Alemtuzumab have occurred within days of the last infusion7, there has been a report of a 36-year-old female receiving two annual cycles of Alemtuzumab that presented with symptoms 13 days after her last infusion [16] .
As reported to VigiBase, most alemtuzumab-associated Listerial infections present with signs of meningeal irritation with headache being the most common [17] symptom usually preceded by a prodrome of fevers, vomiting, and nuchal rigidity [11] . One unique aspect of our patient's presentation was her slurred speech and worsening chronic leg paralysis one week after receiving infusions as most documented cases of alemtuzumabassociated listeriosis present with signs of meningeal irritation [18] . Another interesting aspect of the case was that her meningitis was complicated by symptomatic hydrocephalus requiring several emergent decompressions. Hydrocephalus is a known complication of Listerial infections and occurs in approximately 14% of cases [18] but to our knowledge has not been reported in this specific patient population. The diagnosis of
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listeriosis is complicated by the fact that CSF and blood cultures are only positive in 83% and 64% of cases, respectively [18] .
CSF Gram stain is positive in 33% of patients with Listerial meningitis (other study estimated it at 6% only [18] and because of this, PCR-analysis is often necessary. Proper diagnosis was likely delayed in our patient because her initial blood cultures were negative and repeat cultures were initially thought to be contaminated by Diphtheroids.
To our knowledge, the patient described in this report is the 1st documented case of Listerial meningitis complicating alemtuzumab therapy in North America. As this complication is exceedingly rare with over 11,500 patients receiving this therapy and only 23 reported cases of listeriosis, no current recommendations exist for the preemptive treatment of listerial colonization. Lemtrada's Summary of Product Characteristics recommends currently that patients avoid ingestion of risky foods for one month after having stopped infusions. Given that intestinal colonization with Listeria monocytogenes is not uncommon, it would be ideal for patients to stop eating any potentially contaminated food several months prior to the start of therapy. Many of the articles referenced by our team support this recommendation and advise patients take small measures to avoid infection by washing fruits and vegetables, thoroughly cooking meat, and avoiding soft cheeses, dairy products, and deli meats during the months surrounding their infusions.
Conclusion
Listeria is an important and potentially lethal pathogen that can cause serious infections and complications in immune compromised patients. The increased use of biologics in the treatment of many immunological diseases may also increase the incidence of this disease as many therapies limit the patients' ability to mount an appropriate cell mediated immune response.
This case report highlights the first documented case of L. monocytogenes as a cause of meningitis in patients receiving alemtuzumab in North America that was also complicated by hydrocephalus. The atypical presentation of our patient serves to stress the high degree of clinical suspicion physicians should maintain when working with this particular patient population. Current recommendations for patients per alemtuzumab's SPC are that patients should receive prophylactic treatment only for herpes simplex virus. Practitioners should however have a high index of suspicion for CMV reactivation and consider the use of valganciclovir if necessary. In addition, based on the references reviewed for this case report, most advice that patients avoid high risk foods in the months surrounding therapy and those clinicians consider preemptive treatment of L. monocytogenes if patients develop neurological symptoms.
